Addressing interactive and communicative aspects of design process, architectural pedagogy, and practices of urban education, collaborative design studio (CDS) has become a considerable area of interdisciplinary research in the past years. However, a growing body of knowledge in CDS studies shows that the criteria of evidence-based practices, empirical explorations, and theoretical conceptualization of CDS have not been addressed properly yet. Thus, adopting quantitative and qualitative approaches, the study tends to provide a conceptual framework for CDS studies and explore the interrelations between three parameters of the generated model through a case study of collaborative design studio in practice. Firstly, the study tends to conceptualize various dimensions of collaborative design studio based on the previous researches in terms of place, content, process, time, and size. Secondly, the study implements correlational research methods in terms of structural equation model (SEM) and factor analysis in order to explore interrelations between parameters of size, place, and process in a case study. In this way, findings of the study indicate that the parameter of size has significant influences on the process factor in CDS practices. Moreover, it suggests that the parameter of place is not likely to have considerable impact on the factor of process.
Introduction
Design studios in the context of architecture, urban design, and planning education are the settings of debate, creativity, discussion, imagination, critique, consult, challenge, improvement, contest, and collaboration. A review of literature on design process and urban education in design studios indicates a focus on personal ways of thinking and designing practices either in academic context or experiences of professional practices. Meanwhile, experiences of design studios in the faculties of architecture, design, and planning reveal a common dominance of individuality and personal-biased tendencies in design practices regardless of whether it has been encouraged by academics/milieu of the school or personal/individual preferences. However, while most of the students in architecture, urban design, and planning tend to pursue their projects and design practices personally in isolation from others, it is critically a tendency to learn and improve through debate, challenge, and discussion with others in design studio. Actually, there is an extensive body of knowledge on the issue of design process and education (Lawson, 2004 (Lawson, , 2006 , which refers to the complexity of design problems and does not simply propose a linear universally accepted process as a "recipe" for the solution of design problems. Having this in mind, one might suppose that design studios are the actual settings for the complex intersections of individual design processes, diverse personal ways of thinking, and normative manifestations, theories, and practices. In this way, the issue of "collaboration" has become considerably popular in recent years (McPeek, 2009 ) and students from different disciplines have been relatively involved in collaborative activities and practices (Alpay & Littleton, 2001; Crosbie, 1995; Denton, 1997; Gabriel & Maher, 2002; Schmitt, 1998) . In fact, architects need interaction with others who can affect and complement them (Martin, Fruchter, Cavallin, & Heylighen, 2007) . Thus, students communicate, interact, and discuss in design studios with their peers and other academics and professionals. Moreover, previous researches have provided evidences that design process will improve effectively as a result of communication, but the skill of communication does not often come easily (Daniel, 2002) . In this way, collaborative pedagogy is a critical part of design education in architecture, urban design, and planning that can be held in the actual setting of a design studio. In order to provide more empirical evidences and explore different dimensions of collaborative design studio in practice, the paper addresses the relations between process, place, and size through implementation of a collaborative design studio in a case study practice.
Design Studio, Collaboration, and Urban Education
Reviewing the related literature on design studio within the broad context of design pedagogy and architectural education, one might suppose that design studio is not only a particular form of education (Schön, 1985) , but also the "core" of architectural education (Gross & Do, 1997; Kuhn, 2001; Ochsner, 2000; Webster, 2004) , which concentrates on learning by doing (Ismail & Soliman, 2010; Kurt, 2009; Schön, 1985 Schön, , 1988 . It provides an environment for collaborative, learner-centered, experiential problem-based teaching (Kurt, 2009 ) through social interactions between teacher(s) and students and among students (Colbeck & Campbell, 2000; Demirbas & Demirkan, 2003; Gross & Do, 1997; Ismail & Soliman, 2010; Ochsner, 2000; Pringle, 2009; Schön, 1984) . In this pedagogical model, students meet several numbers of the week and engage with the faculty member(s) and their peers while they are all working in a group (Bronet, 2000) . In fact, design studio is an active mode of learning where students solve problems and projects through a process (Strong & Stiver, 2005) that is known as a "dialogue of thinking and doing" (Schon, 1995) in which participants tend to improve their abilities and skills (Pektas, 2012) . Through this open interaction (Sagun & Demirkan, 2009) , members become aware of their social role in design process and learn about a broad network of participants (Kvan, 2001; Vyas, Heylen, Nijholt, & Van Der Veer, 2009 ). However, it is a possibility that students may entirely consider themselves as individuals, not as a member of their group. Regarding theoretical approaches, practical attributes, and research areas in design process discourse, design pedagogy primarily focuses on the practical aspects rather than theory or research (Gray, 2011) . Meanwhile, it is actually noteworthy to mention that design process, as an educational subject, is characterized by the lack of clear separation between practical skills and theoretical knowledge (Simoff & Maher, 2000) . In this way, the common ground of interactions between design studio, collaboration, and architectural education covers the intersection of practical aspects of design, empirical evidences, and experiences in the context of design studio.
Moreover, different scholars have addressed impacts of collaborative experiences on the process, outcome, and feedback of educational practices in design studios. For example, Bronzino, Ahlgren, Chung, Mertens, and Palladino (1994) outline that in a collaborative teamwork, the participants communicate with their peers to ac-complish their duty, tackle social complications and problems, and improve their self-confidence. Moreover, cooperative learning is relatively stronger than the old methods of pedagogy since it stimulates students for devoting more activity and participation to the learning process (Astin, 1993; Pierre Dillenbourg, Baker, Blaye, & O'Malley, 1996) . In fact, collaborative teamwork is crucial as an operative practice rather than just being a choice (McCallin & McCallin, 2009; Yin, Qin, & Holland, 2011) . In this way, collaboration is about a group who work together to fulfill a common goal (Chiu, 2002; Macpherson, 2008; J. C. Tang, 1991) . However, it seems that some collaborative skills are required in order to achieve the common goal. Hence, Bosworth (1994) classifies these skills in five main categories including interpersonal skills, inquiry skills, group building management, conflict, and presentation. Similarly, Détienne, Boujut, and Hohmann (2004) add "cognitive synchronization" to these categories and emphasize on "proposing and enhancing solutions". However, collaborative skills can be considered as the activities in which a possible weakness in any of the items is likely to cause difficulties in process of the project.
Regarding the possible impacts of collaborative design, a considerable body of knowledge indicates that collaborative design involves participants that each of them solves a part of design issues or analyzes the possible solutions from his/her perspective (Belkadi, Bonjour, Camargo, Troussier, & Eynard, 2013; Pierre Dillenbourg et al., 1996; Klein, Sayama, Faratin, & Bar-Yam, 2006; Ochsner, 2000) . Thus, aims of collaborative design are generally innovation of members (Gray, 2011) and creativity (Crilly, 2010; Fleck, 1981; Lewis, 2006; Logan, 2008; Soliman & Okba, 2006) through sharing ideas, expertise or responsibilities. However, each project in collaborative design has allocated goals and individuals should do various tasks and acquire diverse design information in order to communicate, solve design problems, and achieve the specified goals (Chiu, 2002; Kuhn, 2001) . Taking place in the context of design process (Blevis, 2010) , the critique discussion is the main communicative feature of the studio through which the students learn to critique, respond, and collaborate (Gross & Do, 1997; Russ & Dickinson, 1999) . Thus, In order to have an effective cooperation, one needs to know about the other participants in terms of their information, background, and expectations (Carroll, Neale, Isenhour, Rosson, & McCrickard, 2003) . Moreover, it is necessary to have adequate information about the working situation/condition while making individual plans through the projects (Belkadi et al., 2013) . However, it is necessary to provide collaborative approaches and methods with more empirical experiences that are likely to be justified and grounded in the context of design studios in architectural education and design pedagogy. In this way, the paper tends to argue about the implementation of collaborative design studio in a case study
Collaborative Design Studio: A Conceptual Framework
According to the case study and previous researches, the study suggests a conceptual model as a possible framework for adopting a relatively comprehensive approach to conceptualize the attributes of collaborative design studio in order to provide empirical case studies in practice. Thus, previous studies and the case study suggest that implementation of collaborative design studio in practical experiences is related to the factors of process, content, time, place, and size (Table 1) . Hence, the studies that referred to the criteria of process outline social interaction, participation in the learning process, problem solving, innovation and creativity, competition, individuality, learning by doing, sharing ideas, work distribution, comparison to individual work, communication problems, evaluation, and critique (Table 1) . Moreover, the issue of content refers to subject of the design studio in relation to improvement of individuals through collaborative experience while the factor of size denotes the quantity of instructors in relation to participants of collaborative design studio (Table 1) . Furthermore, the studies that referred to the issue of place mainly concern with the insufficient space, environmental limitation, and the physical setting of design studio (Table 1) . Finally, the factor of time concentrates mostly on time limitations and differences between various cases ( Table 1) .
In this way, the study suggests a conceptual framework for exploring collaborative design studio in relation to place, process, time, content, and size in order to conceptualize various dimensions of implementing collaborative design studio in practices of architectural education (Figure 1) . However, there is not an equitable and same body of knowledge for each dimension of process, place, content, time, and size. Hence, the process factor has been largely explored in the past researches (Table 1) . Conversely, the parameters of size, time, place, and content have been less discussed in practices of CDS in comparison to process factor. Moreover, the study of interrelations between these factors has not been conducted in practical implementations of collaborative design studio in different case studies. Meanwhile, since the number of cases is a critical issue in quantitative analysis Table 1 . Dimensions, focuses, and concerns in various studies of the collaborative design studio (Source: Authors).
Process
Social interaction (Schön, 1984) (Bronzino et al., 1994) (Pierre Dillenbourg et al., 1996) (Gross & Do, 1997) (Bronet, 2000) (Colbeck & Campbell, 2000) (Ochsner, 2000) (Kvan, 2001) (Valkenburg, 2001) (Chiu, Yamaguchi, & Morozumi, 2001 ) (Demirbas & Demirkan, 2003) (Carroll et al., 2003) (Romice & Uzzell, 2005) (Tucker & Reynolds, 2006) (Martin et al., 2007) (Peeters, van Tuijl, Reymen, & Rutte, 2007 ) (H.-H. Tang & Lee, 2008 (Macpherson, 2008) (Vyas et al., 2009) (McPeek, 2009) (Schnabel, 2009) (Pringle, 2009) (Kurt, 2009) (Sagun & Demirkan, 2009) (Ismail & Soliman, 2010) (Blevis, 2010) (Pektas, 2012) Participation and Competition (Astin, 1993) (Pierre Dillenbourg et al., 1996) (Kurt, 2009) (Ismail & Soliman, 2010) (Blevis, 2010) (Hassanain, Mohammed, & Cetin, 2012) Problem solving (J. C. Tang, 1991) (Blumenfeld et al., 1991) (Schon, 1995) (Ismail & Soliman, 2010) (Pektas, 2012) (Belkadi et al., 2013) Innovation and Creativity (Slavin, 1995) (Colbeck & Campbell, 2000) (Engeström, 2001 ) (Valkenburg, 2001 ) (Lewis, 2006) (Soliman & Okba, 2006 ) (Logan, 2008) (Ungar & White, 2008) (Vyas et al., 2009) (Crilly, 2010) (Gray, 2011) (Hassanain et al., 2012) Individuality (Mello, 1993) (Crosbie, 1995) (Pierre Dillenbourg et al., 1996) (Ehrlenspiel, Giapoulis, & Günther, 1997) (Martin et al., 2007) (Hellström, 2007) (Kamalipour, Houshmandipanah, & Mansouri Kermani, 2013) Learning by doing (Schön, 1984) (Schön, 1985) (Schön, 1988) (Kurt, 2009) (Yilmaz, Seifert, & Gonzalez, 2010 ) (Ismail & Soliman, 2010) Sharing ideas (Blumenfeld et al., 1991) Comparison to individual work (Millis & Cottell, 1998) (Gatfield, 1999) (Tucker & Reynolds, 2006) (Ungar & White, 2008) Communication problems (Mello, 1993) (Crosbie, 1995) (Ehrlenspiel et al., 1997) (Ochsner, 2000) (Martin et al., 2007) (Kleinsmann, Buijs, & Valkenburg, 2010) (Gray, 2011) Evaluating and Critique (Pierre Dillenbourg et al., 1996) (Gross & Do, 1997 (Fleck, 1981) (Mello, 1993) (Kvan, 2001) (Romice & Uzzell, 2005) (Martin et al., 2007) (Ungar & White, 2008) (Vyas et al., 2009) (Yilmaz et al., 2010) (Pektas, 2012) (Hassanain et al., 2012) (Kamalipour & Biglari, 2013) Place Design studio (D. Schön 1985) (Schön, 1988) (Schon, 1995) (Gross & Do, 1997) (Bronet, 2000) (Kuhn, 2001) (Demirbas & Demirkan, 2003) (Duggan, 2004) (Larsson et al., 2005) (Ungar & White, 2008) (Vyas et al., 2009 ) (McPeek, 2009 (Yilmaz et al., 2010) (Strong & Stiver, 2005) (Hassanain et al., 2012) (Oh et al., 2012) (Belkadi et al., 2013) Environmental limitations (Boling & Smith, 2010) (Gray, 2011) Insufficient Space (Reimer & Douglas, 2003) (Wang et al., 2010) Time Differences in cases (Schmitt, 1998) (Bronet, 2000) (Strong & Stiver, 2005) Time limitations (Ungar & White, 2008) (Boling & Smith, 2010) 
Content

Improvement of individuals
Size
Instructor(s) (Ochsner, 2000) through structural equation modeling, it is not feasible to analyze the overall conceptual model and all the interactions between parameters of process, place, time, size, and content with limited number of cases. In this way, since most of participants have referred explicitly to factors of place and size, the study tends to explore the influences of size and place on process factor. Thus, the assessment of interrelations between all the affecting factors in relation to CDS is out of the scope of this paper. Moreover, since time and content are relatively different in various cases, this study explores the relations between process, place, and size through a practical implementation of collaborative design studio in architectural education in order to contribute empirical evidences along with provision of a conceptual model for multi-dimensional study of the CDS in practice.
Research Methods
Adopting quantitative and qualitative approaches, the study explores the growing body of knowledge in the intersection area of study in design process, architectural education, and collaborative design studio in order to conceptualize various dimensions of collaborative design studio in a relatively comprehensive framework for the case study. Moreover, implementing a quantitative approach in a case study of urban housing studio at Shahid Bahonar University of Kerman in Iran, the study adopts correlational research methods in terms of SEM and factor analysis in order to explore the relations between size, place, and process in the case study. The content of collaborative studio in the case study was about analyzing and designing urban housing in a part of a recently developed residential district along with provision of mixed land uses in terms of cultural, educational, recreational, commercial facilities, open green space, and shop houses in order to meet dwellers needs and desires within the context of the city. Each student had two individual housing projects and every 3 -4 students were asked to constitute a sub group for their presentations and design of the mixed land uses and facilities. Moreover, the main collaborative group included all participants (14 students) for the site planning, analysis of the urban fabric, and making of the study model for the studio in order to simulate urban fabric of the district. Meanwhile, all of the participants were the second-year students of architecture in undergraduate program and the whole case study took approximately between seven to eight months. A structured questionnaire has been designed in order to measure process, content, time, size, and place. After a pilot study in the same context, the questionnaire has been revised in order to measure size, place, and process because of the numerical limitation of the participants who have actually experienced a collaborative design studio in the case study (Figure 2) . Thus, the questionnaire has been adopted for measuring size through three items, place through four items, and process through nine items (Table 2) . Moreover, based on their actual experience of a collaborative design studio in the case study, the students were asked to evaluate each item within a 5-Likert scale from (1) poor to (5) excellent. The program of collaborative design studio has been implemented in two semesters with different students, 14 students in each semester. After the second semester, 28 students were asked to fill out the questionnaire. Meanwhile, the participants consist of 41% Males and 59% Females. However, one of the participants could not fill out and submit the questionnaire.
According to Kline (2011) , at least ten cases are necessary for each parameter. In this study, 27 undergraduate Table 2 . Dimensions and items of the structured questionnaire in the case study (Source: Authors).
Items Size
The proportion of the main group size for collaborative work (14 members)
The proportion of sub groups for collaborative work (2 -4 members)
The proportion of instructor(s) to students in CDS (14 students to 1 instructor)
Place
Accessibility to the studio in any time
Availability of educational facilities
Appropriate physical area for collaborative work
Having a specific place arranged for collaborative work
Process
The individuals' use from other members' feedback and critics for improving their works
Achieving innovative solutions for solving issues in interaction with others
Achieving a common goal for collaborative work
The generation of social interactions in the main group
The generation of social interactions in sub groups
Initiating motivation for study, research and competition in CDS Being aware of the collaborative work attributes and conditions (before the beginning of CDS)
Appropriateness of the semester schedule (4 months) for CDS Appropriateness of the weekly schedule for CDS implementation students, who had previously participated in the proposed program of collaborative design studio in their urban housing studio, filled out the structured questionnaire after their experience of the collaborative design studio. Thus, a sum of 27 complete questionnaires have been analyzed using SPSS for descriptive statistics and LISREL for confirmatory factor analysis (CFA) and structural equation model (SEM) in order to explore the relations of place and size to process in collaborative design studio. Using Cronbach's alpha as "an index of reliability" (Santos, 1999) , the analysis indicates an overall Cronbach's alpha of .75 for items of the questionnaire which reveals an acceptable reliability. Meanwhile, using chi-square/degree of freedom and RMSEA, the study analyses the model goodness of fit. A chi-square/degree of freedom relation of 3:1 or less is acceptable (Carmines & McIver, 1981) while an RMSEA less than .06 is recommended (Hu & Bentler, 1999) for analyzing the model goodness of fit. Moreover, the cut-off value of .30 is acceptable for the study of factor loading in the study (Sellin & Keeves, 1997) . However, t-value analysis is also applied for the assessment of strength of the relations between the factors of size, place, and process in structural equation modeling in the case study. Vieira (2011) recommends that t-value is better to be greater than 1.96 for the analysis of directions and strength of hypothesized links.
Results and Discussion
Results of the study indicate that students were relatively pleased with the factor of size in terms of the proportion of the main group size (55%), the sub groups (85%), and the number of instructor(s) (55%). However, the faculty has specified the proportion of the main group size (14 students) and it was not changeable in each seSize Process Place mester. Meanwhile, the maximum number of members in sub groups was four. As a result, appropriate cooperation and interaction has been generated between the participants in relation to the overall intensity of the collaborative project. Furthermore, the results show that it was possible for one main instructor to manage and conduct the collaborative design studio, so there was no need for presence of more instructors in the case study.
Regarding the questionnaire item that are related to process parameter, there was a considerable result that indicates most of the students (63%) agreed with the high social interaction in sub groups. However, since the participants decided about their partners and roles in design process, sub groups were more successful in comparison to the main collaborative group in which the students had not the choice of selecting their peers prior to the commencement of the collaborative studio. Furthermore, regarding the place factor, a great number of the participants (52%) denoted that they did not have access to the collaborative studio on a daily basis because there were other design studios scheduled in the same physical setting in different days. Moreover, the physical attributes of the collaborative studio did not offer participants an adequate area for collaborative work. Similarly, the students noted the lack of a permanent and fulltime allocated location for the collaborative design during the semester. Implementing chi-square/degree of freedom and RMSEA, the analysis of the model goodness of fit indicates that the model has a reasonable goodness of fit in terms of chi-square/degree (122.30/101 < 3:1), but it shows only a relatively goodness of fit in terms of RMSEA analysis (.090 > .06). The structural model indicates that the two last items referred to the issue of timing schedules for measuring the process factor could not acquire an acceptable loading factor (.22 < .3 and .07 < .3) while the fifth item of the place parameter is relatively in the threshold of acceptance (.28 < .3) (Figure 3) . Moreover, the findings show that the loading factor of the third item for the measurement of the size factor is not acceptable either (.16 < .3) (Figure 3) . However, all of the other items could acquire a reasonable loading factor in the structural model. Furthermore, t-value analysis between the factors of place and process does not imply a significant (1.41 < 1.96) relation between place and process factors in terms of strength and direction of the influence in structural equation modeling of the case study. Meanwhile, t-value analysis between the size and process factors indicates a significant (2.67 > 1.96) relation in the hypothesized structural equation modeling.
The outcome of the case study indicates that the parameter of place does not have a significant influence on process (loading factor: .28). However, the findings show that the students did not pursue the collaborative work in a steady rhythm and the quantity of the participants has gradually decreased at the end of the semester in their affiliated groups. Moreover, in some points of the practical experience, although there was a relatively adequate and allocated area for the collaborative design studio, not all of the students were present for pursuing their collaborative work within the main or sub groups. On the other hand, as Bento (1997) argues, the morale and productivity tends to increase in the last stages of a teamwork. Similarly, the number of active participants again increased within the last month of the case study. Thus, it is relatively reasonable that why the lack of a fixed location with appropriate area and space might not be a considerable limitation that can influence the process and performance of a collaborative design studio. However, In spite of the place limitations for accommodating the collaborative design studio, the participant could efficiently discuss their ideas, criticize, interact, and generate creative design solutions in the process of education.
Since most of the participants did not have a prior introduction to the collaborative design studio in terms of common goals, responsibilities, timing, and intensity of work, they could not (or relatively could) efficiently manage their adaptation and resilience for the whole process of the collaborative design studio. In this way, although members of the sub/main group could interact and contribute to the process of idea sharing, critiques, and problem solving, the absence of mutual reliance and trust between students might lead to individual considerations in the process of task accomplishment rather than collaborative thinking. Consequently, most of the students preferred to do their works individually at home instead of the collaborative studio. In this way, it might be redundant to provide a fulltime studio with exclusively allocated facilities for the mere purpose of a collaborative design studio. However, since most of the previous studies did not take into account the parameter of place for the study of collaborative design studio, the results of this study does not propose a significant relation between place parameter and process factor.
As it has been outlined before, actually a few studies have considered a relation between process and place and these studies are different from this study mainly in terms of methodology and research design. For example, within an eight-month study, Vyas et al. (2009) referred to the spatial setting as one of the three major themes of collaborative studio. The study explored two industrial design departments. In addition to observations, they used video record of the sessions, and interviews of ten master students in industrial design and five designers/design researchers. Another study in Saudi Arabia (Hassanain et al., 2012) was conducted with twenty six students of architecture from different years. The study applied inspection, question survey, and interviews. Meanwhile, they interviews fifteen participants and four instructors. The study referred to background environment and functional requirements of place in order to have a productive and efficient collaborative design studio in practice. However, their major finding in suggesting the place parameter as a dimension of collaborative design studio is in consistency with the findings of this study.
Furthermore, findings of the case study indicate that size factor has a significant influence on the process parameter (loading factor: .84). Although the results of the analysis show a significant influence, but the literature review does not specifically discuss the relation between neither these two parameters, nor the factor of size itself. Exceptionally, a few studies address the issue of size as one of the collaborative design dimensions. For example, Ochsner (2000) denoted that the students-instructor ratio should be managed to be relatively around 13:1 or 14:1. Thus, in the case study of urban housing studio, the participants were relatively satisfied with the same proportion, which was fourteen (students) to one (instructor). Regarding the critical role of the size parameter, the recent studies have paid little attention to the issue of size factor as a dimension of collaborative design studio in comparison to the parameter of place.
Meanwhile, the results of the case study indicate that there is a difference between the responses of the main and sub groups to the factor of size. Thus, as the size of a group increases, the social interactions between the group members decrease. In this way, the participants preferred to discuss, cooperate, and interact relatively more in smaller group size (sub groups) than the larger group size (main group). However, there is another issue here in relation to the size of the main and sub groups. Since the students were not able to choose their peers in the main group, they might have become relatively reluctant to establish social interactions in the main group. Conversely, the participants had the opportunity of selecting their peers in sub groups. Thus, it seems to be a considerable issue for justifying the differences responses between sub and main groups to the parameter of size in collaborative design studio.
Finally, it is actually noteworthy to note that the study has some limitations in terms of the case study, timing, intensity of the content, and number of participants. In the case of number of participants, who have contributed to the final evaluation and questionnaire, the number of cases could be more than 27 in order to provide more rigor assessment and judgment based on the structural equation model in which the number of cases is critical.
In fact, the study could not practically explore the influence of the proposed conceptual framework due to the limitation of the number of cases. Hence, it is relatively unlikely to generalize the outcome of the study because of the limitation of participants and cases. However, the study suggests the exploration of the relations between the other proposed dimensions of CDS in different case studies. Moreover, the participants of the case study faced with some deficiencies in terms of an adequate physical space, timing limitations, and intensity of the content that might have intervene with their final assessment and evaluation of the related factors.
